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STRACT 

This final Design 
System, Report SM0531fJb, consists of technical analysis and data required fOT 
the design of a malfunction detection system. 

alyaits for the Saturn S- B+Ol Stage Malfunction Detection 

The design analysis is composed 
of three interdependent sections: 1) Failure Effect Analysis Data; 2) Mal- 
function Detection System Summary; and 3) 
Thread Cause/Effect Analysis. 
detailed description of stage overall failure modes, the contributing systems 
the various time constraints involved, the parameters to 'be monitored, and their 
respective failure mode consequences, This section contains recomendations 
for the detection of critical stage malfunctions during flight, It supplies 
supporting data required for determinln$ type, location, redline values, and 
response time of sensors, from liftoff to, and including, the end of the period 

Malfunction Detection System Single 
The first section is designed to present a 

during which the stage must provide a stable platform. 
summarizes the failure effect data and presents information necessary to 

The second section both 

determine telemetry signals best suited to transmit parameter information. It 
also presents the time dependency of failure occurrence and effect, criticality 
of failure type, and decisive damage resulting from failure. The third section 
traces each failure type from the item level, through the overall failure mode 
level, to the stage loss level, 

DESCRIPTORS 

Saturn S - n B - 5 O l  Stage 
Failure Effect Analysis 
Single Thread Diagram 

Failure Mode Criticality 
Malfunction Detection System Analysis 
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permits deaision, An 

o f  a given s t  

i a t e  co 

destruetion o action that wo3tB p 

the vehicle, An MDS so include 

constraAnte require rapid correctionr 

operate in pardLle3. a t h ,  or 8erve 'as $0 the Emergency Detection System 

(EM) 

The design anaLysis presented i n  t h i s  downen$ p 

stage/vehicle failure modes and other t e c h n i a d  

design of an MIS or to evaluate -the effec-tivenes 

information i s  s or sec$Zonns, E 

discussed in t 



"he ms s summarizes the  

are also presented. 

m e  MDS Single ead Cause/Effect Analysis section, usfng: t h e  Po 

i n  Figure C, traces each failwe type from t h e  item leve l ,  through the  overa l l  

failure mode leve l ,  t o  the stage loss level .  

failure types of' eauh f l i g h t  c r i t i c  

The c r i t i c a l i t f a s  for the various 

long with t h e  time p 

which the faUure type8 can contribute Co t h  11 ~ ~ ~ 1 u ~ ~  mode 

presented. 

t h e  MDS could be designed t o  detect ,  the item tha t  can cause t h e  f 

In t h i s  manner t h e  canerlysie points out a l l  the f' i lwe  modes t h a t  

t he  t i m e  periods dming which the fa f lwe  modes can occus", and the  probabi l i ty  

of stage loss resu l t ing  from t h e  o c c ~ ~ n ~ ~  of a given faillmres mode. 

General In f ' omt ion  

2 



2. 87AGE: Stage withln which a l l  componente a re  locaked which could cauee overa l l  fa i lure  mode. 

Syatem(r.) which contain components vithin e t q e  tha t  could cause ovprrall f a i lu re  mode. By name 
and number a s  appearing Fn Rel iab i l i ty  Engineering Model. 

e of each cclaponent, w i t b  

age OP vehicle loss. 

a re  plotted versus f l i gh t  

'I. SENSoR L°CATIoM' Lists a l l  senaors associated with measurement of mearsurlng parameter. Conrists of 
Mcasurement Number as l i s t e d  in Instrunentation Program and Components List  for epecific eta@. 

14.  XIM MU^ OEYIATtON EXPECTED DURING NORMAL FLIGHT;  AI^ normal deviations of critical parameters, witbin 
opecified tolerances, which may occur durinp normal flight. I 

MoMIToR Furnished by R - B Y E - Y O  in accordance with MWC-MSC requirements Par provldbg 
flirrht crew with 0114.iinum information. 

16. FAILURE EFFECT A w L Y S I ~  : complete acscription of possible deviation8 *ME. slorm~ opret ing  condt~iona, 
vhich may occur an the revrult of eusrtaining c r i t i c a l  fatlure mode. 
paremeters versus t h e  are  UBea. 

where applicable; plots 5 P  c r i t i c a l  

'7, Fi.tOnT Cmplete dcecrZption For 111 c r i t i c a l  paremetera under normal operating condbtionra, i , a .  
no fa i lure .  &era applicable, alote  of c r i t i r a l  oarmeters  versud time are used, I 



Remarks - Pertinent remarks and information not tabulated elseuhcrc on thq 
MDS Sumary Sheet i r  tabulated i n  the  remark. colrU,. 

Signal  - The ckieracterist ics of t h e  sensor which is chosen f o r  use i n  the 
malfunctioi. system design is supplied t o  DAC by WFC; however, DAC's 
recommendation is shown p r i o r  t o  decision by the responsible design moup. 

Abort Mode - The f i n a l  abort mode entry is supplied t o  DAC by MSFC: 
however, DAC's recommendation is shown pr io r  to s j o in t  decision by 
MSFC and MSC. 

Fl i sh t  Tima - The time (luring whicn the f a i l u r e  modc described in  the fb i lu re  
column is c r i t i c a l  (could cause stage,  vehicle,  and/or mission loss) is l i r t e d  
as shown on the Failure Effect  Analysis D s t p  Form. 

LE6 L i m i t  - The amount of time avai lable  to  obtain a s a t i s f ac to ry  separntion fron 
the vehicle with the launch escape system is l i s t c o  (The LES l i m i t  i s  cunnlied 
b MSFC/MSC s in  e it requircs  detai led technical int'ormution with repect t o  LES 
cKaracterist ics7,  

LV L i m i t  - The minimum permissible t i n e  which ran elapse from occurrenre of 
f a i l u r e  to sustained f a i l u r e  effect .  (from the  Fs~lure Analysis Dots Form) 
is listed. 

Mensuring Parameter - The mnssuring parameter nhown on the 
F o i l u r e  Effect Analyai!. Dnta Form is l i s t e d .  

C r i t i c Q I t y  Number - The c r l t i u n l l t y  number nhown on the 
Fnllure Effect Annlyiir Unta Form 1 8  l i r t e d ,  

I 

FIGURE 8. 
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SECTION I 
FAILURE EFFECT ANALYSIS DATA (FEA DATA) 



1. OVERALL FAILURE IUIOOE: Loss of ullage Bo~itioning: h e  to  loss  of electsfcal  poucr OP mignal to t h w t  
ullage rocket mtora or 70 Ib, ullege enginre. 

5. FAILURE MODE CONSEQUENCE: Lose of thrust due to failure of 52 engine to  atart. 

IO. MEASURING PARAMETER: 1) Vehicle acceleration. 
12) Ullage rocket ignition, 
( 3 )  % and LOX pressures at pump inlets ,  

It. SENSOR LOCATION : A W - 4 1 1  ( 3 )  XDaoce-403 1kj KOl4j-404 XWOO3-403 
KO14h -404 

12. EDS TIME DELAY : Hot available. 

14. MAXIMUM DEVIA?ION EXPECTED DURING NORMAL FLIGHT: Hot available, 

w 
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Figure 2 .  Timing and Thrust Levels During Start and Restart Operations 
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Figure 3. LH2 Prestart Envelope 
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. .  

OV_ERP_U FAILURE WXK: 
l i nes ,  l o s s  of valve pneumatic pods-, loss  of e l e c t r i c a l  power or co!siSUd, leakage of J2 engine components. 

Loss of LH Chilldmn: h e  t o  108s of chillclown pumping, valve f a i lu re  along chilldown 

- .- 
s x  Saturn Y/S-ZVe-501 

. W B :  23.01 LH Feed and ChillBorn; 24 P n e m t i c  Gantsol; 26 Thrulpt; 41 Elactricah Power; 42 EleCtrlCfil 
Control; 43 E l e c t h e a l  Matribution. 

L PERIOD WRING WHICH FAILURE MODE MAY OCCUR: Prior t o  52 engine flrst o r  seconaP burn. 
~ 

L FAILURE MODE CONSEQUENCE: Loss of thrust  due to  f a i lu re  of J2 engine t o  s t a r t .  

i. TIME DEPENDENCY OF FAILURE: MFRp I 50 second (feed & c h i l l  shutoff valvea). 

I OVERALL FAILURE MODE CRITICALITY: j l O O  

1. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.  

3. MSC RECOMMENDATION FOR EDS MONITOR: Not available.  

turbopump i n l e t  temperature. 
chilldown flow rate. 

0. MEASURING PARAMETER: 

IS. EOS MONlTOR SETTING: Not l a ~ i l a b l e .  
a 

t6.FAILURE EFFECT ANALYSIS: toss of chilldown flow would renrult in vapor in the Ll$ l i n e s  cmd aubeegu@n't 
turbopwpt cavitation. 

IZ FLIGHT HISTORY: A# shorn i n  figures 5 thru 7.  

18. OISCUSSION: c!hilldown begins approximately 5 minutes before l i f t o f f  and continues until 0.6 second before 
J2 engine s t a r t .  Stcond chilldown begins 5 minutes before engine r e s t a r t .  

19. INFORMATION OEFICIENCY: Infonnntion not available fo r  items 8. 9, 12, and 15.  

4 
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FLIGHT TIME (SEC) 
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. -  -- I 

FA1 LURE EFFECT AXdALK3 SATA - ..-- - 1.3 
OVERALL ifilLvRE_MO.s I n s 8  0 1  LOX Chilldown: Uie LO Loan 0: r h I l i d < d i i  pumping, valve ln i l !2rc  elor.6 chilldown 
l inee ,  ioos nf  valve pneumatic power, 106s of e l ec t r i ca l  p o w v  or roimand. leanage of R engine components. 

I 

I. SiAGE:  . .~.... Seturn V'S-In-501 

% PERIOD WRING WHICH FAILURE MODE MAY OCCUR: Prior  to 52 engine first o r  second burn. 

5, FAILURE MODE CONSEOUENCE: Loss.oi th rus t  due to fa i lure  of J2 en,5ine t o  s t a r t .  

._ 
6. TIME DEPENDENCY OF FAILURE: MFKP = 100 aeconde (f'eed & c h i l l  shutoff valves). 

7 OVERALL FAILURE MODE CRITICALITY. 

3. MSFC RECOMMENDATION FOR EDS MONITOR: Not evai lable .  

2900 

3 Bneumstic Ha q u a n t d t y  and prcosure. [ill A f t  battery 2 load. 

81. SENSOR LOCATION: (1) XCooo4-403 (4) M0022-404 
VXF00&-424 
VXDOolb-bO3 

12. EDS TIME DELAY: Not available.  

13. NORMAL PARAMETER OPERATING LEVEL (1) A s  shown i n  l'ijgre 8. 
( 3 )  A s  shown in i igure b. 
( 4 )  A 6  shown i n  figure 'i. 

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT. (2)  5 lb/sec. minimum a t  a head of 15 peig. 

16.FAILURE EFFECT ANALYSIS: Loss of chilldown ilow would resul: i n  vapor i n  the M X  f e d  l ines  and 
subsequent turbopump cavitation. 

f'l. FLIGHT HISTORY: As shown in flgur-s 6 tnru '. 

18. DISCUSSION: Chilldown pumping begins approximatel:, > minutes belorp l i f t o t  t end conLinu-s un t i l  0.b seconds 
before J 2  engine start. Second chilldown begins 3 ninutes k-rlore en,;ine resbart .  

1S.lNFORMATlON DEFICIENCY: Inf'ormation not ava i l sb le  lor items 8, 9 ,  12, in? 1'. 
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1 I OVERALL FAILURE M O M  
d 
1 'tart Lank valve. 

h a 6  of m i n o  Start C&pbiiitj.I Ddc to ,?sa of p e w t i c  power, 1068 of electrical 
? m e -  or start command, cloasd pravalve, loas of PJ alectmnlea output, closed main fuel valve, closed engine 

' r,TACi Saturn V/S-N&501  

.- 

4 PERIOO WRING WHICH FAILURE MODE MAY OCCUR: Prior to 52 engine programmed ignition. 

5 FAILURE MODE CONSEOUENCE: Loss of thruat du@ to failure of J 2  engine to start. 

6. TIME DEPENDENCY OF FAILURE: MFm - 1 aecoqd (battery failure). 
7 OVERALL FAILURE MODE CRITICALITY: - 5000 

8. MSFC RECOMMENDATION FOR EDS MONITOR: llot available. 

9. MSC RECOMMENDATION FOR EDS MONITOR : Not available. 

Main fuel valve position. 
Start tank valve position. 

IO. MEASURING PARAMETER: 

11. SENSOR LOCATION: WXJ017-bl (3) ~0006-~01 
M0010-401 MOO07- 401 

12. EDS TIME DELAY: Not wailable. 

13. NORMAL PARAMETER OPERATING LEVEL: (1) Start tank presaure as s h m  in figure 9. (6) As shown in figure 6. 
Start tank massea a8 e h m  in figure 10. 

(5) 115 f 3.45 V at 400 6 cps 
5.0 i 0.5 m 
21.0 t 1.5 m 

1.0 VDC) 

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: ( 5 )  As ehma in item 13. 

I5.EDS MONITOR SETTING: Not available. 

16. FAILURE EFFECT ANALYSIS: Cali generator burnout may occur if PU (propellant utiliration) valva drives to closed 
position, preventing engine start. 

I?'. FLIGHT HISTORY: A6 shown in figures 6 and 10. 

I8.DISCUSSION: Information on 52 engine components contributing to this overall failure mode is preeented in 32 
Engine rpailiure Effect Analysis, Rocketdyne &port i t -%OO-i7 .  

19.1NF0RMAT10N DEFICIENCY: Information not available for items 8, 9, 12, and 15. 

~ ~ m e s = r a , " < m r - -  





----- 
Figure 10. Expected H e l i u m  and ~ ~ d r ~ ~ ~ n  
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3, M T E M :  21.01 PiXh and Preinc PB.01. % Tank U i l a m  Propsumi 09.OL IrH Fasd and Olri~ldcv~t  2 b  Pneumatic 
-1 26 Thw%: 41 Kllectricel Rower: 48 Electrical Control: 43 Electrich Dlstrlbution. 

5, FAILURE MODE CONSEQUENCE: h a a  of thruat 4ua to Fcdluure o f  52 engine to stax% or pmmDture cutoll. 

10. 
MSC RECOMMENDATION FOR EO$ MONlTORl Hot available. 

t0. MEASURING PARAMETER: tank ullage pressure. 

I I .  SENSOR LOCATION: ( 1 )  XDoi77-410 

(2)  Hone. 

12.EDS TIME OELAY: Not available. 

14. MAXIMUM DEVlgTlON EXPECTED OURING NORMAL FLIGHT: (1) 28 t o  31 gaia. 

I I5.EDS MONITOR SETTING: Not available. 

16. FAILURE EFFECT ANALYSIS : Loas of 3 tank ullage pressure results i n  turboputrog cavitation. 
See figure 12. 

IT FLIGHT HISTORY: S t e  f igures U. t h ru  16+ 

I- I 

. . ... . .- . 



0 200 400 600 aoo I K  5K 10K 

FLIGHT TlME (SEC) 

11 .2K Il.(av\ 11.6K 11.8K /2K 12.ib 

Figure 11. L H 2  Tank Expected UIJage Pressure History 
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I S Y Z :  22.01 % Tank Ullage P m s o u ~ ;  41 Electr ical  Power; 42 Electi3cel Control; 43 Electr ical  Metribution. 

1 PERIOD WRING WHICH FAILURE MODE MAY OCCUR: Prior to J2 en#ne pm-b seconB stmt.. 

i, FAILURE MODE CONSEQUENCE: h s a  of thrust  due to f a i lu re  of 52 enafne t o  start. 

5. TIME DEPENDENCY OF FAILURE: MFKP il 10 seconds (ullage pressure system). 

Z OVERALL FAILURE MODE CRITICALITY: 

3. MSFC RECOMMENDATION FOR ED9 MONITOR: Not available.  

680 

8. MSC RECOMMENDATION FOR EDS MOMITOR : Plot available. 

bo. MEASURING PARAMETER: (1 Repressurization He quentlty ( a b i e n t  supply). 
(21 Li$ tank ullage preesure. 

12. EDS TIME DELAY: Bot available.  

t3.NORMAL PARAMETER OPERATING LEVEL: (1) As sboltn i n  Il(lure 17. 
( 2 )  p to 34 psla (repreesurleation and 2nd burn), 

19 to 21 p s i s  (o rb i t a l  coast). 

14. MAXIMUM OEYIATION EXPECTED DURING NORMAL FLIGHT: (2 )  he shown in i t em 13. 

IS.EDS MONlTOR SETTING: l o t  amilurble. 

16.FAJLURE EFFECT ANALYSIS: Inab i l i t y  t o  repressurize the ?.,l$ tank resul t8  i n  cayfitation of the &ff2 t u % o p q .  

1% FLIGHT HISTORY: As Shown i n  fi@= 17. 

19. INFORMATION DEFICIENCY: Information not svai lable  for I t e m s  8, 9, 12, & 15. 
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4 PERIOD WRING WHICH FAILURE OCCUR: Prior to Ja ca@ne ~ F O  recons start. 

5. FAILURE MODE COPISEQUERlCE: Lese of thrust &e to fa.t1ure of 52 m&c to  etsrt.  

6. TIME DEPENDENCY OF FAILURE: MFRf a 20 eeconds (u lhga pressure). 

1 OVERALL FAILURE MOO€ CRITICALITY: 

8. MSFC RECOMMENOATION FOR EDS MONITOR: Bot ovallabla. 

620 

9. MSC RECOMMENDATION FOR EO8 MONITOR: Bot evailcble, 

IQ MEASURING PARAMETER1 

11. SENSOR LOCATION: 

IL..EOS TIME DELAY: Rot .*.il&bl6, 

13. NORMAL PARAMETER OPERATINO LEVEL : I A i  e h m  3n ff 
9 to  41 pria 

IC MAXIMUM OEVlATlON EXPECTED OU 

I 

19.1NFORMATlON DEFlCIENCYt Snfomtton not me&lp.bLe l o r  itme 8, 9, 32, &I 15. 
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1.9 
OVERALL FAILURE MOOE: 
ol r l r c t r i c a l  power or co-d. 

loas of 4 Feed1 me t o  closed 9 shutoff valves, loor  of pneumatic power, l o s s  

I SYSTEM: 23.01 Feed and Chilldown; 24 Pneumatic Control; 26 Thrust; 41 Electr ical  Power; 42 Electr ical  m: 43 F.le%cal Mstr ibut ion.  

P PERIOD WRING WHICH FAILURE MODE MAY OCCUR: h a n g  engine bl\m. 

5. FAILURE MODE CONSEQUENCE: Loss of th rus t  due to  f a i lu re  o f J 2  engine t o  s t a r t  or premature cutoff.  

6. TIME DEPENDENCY OF FAILURE: MFRT i. 1 second (LI$ shutoff valves). 

7 OVERALL FAILURE MODE CRITICALITY: 720 

8. MSFC RECOMMENDATION FOR EDS MONITOR: Hot available.  

9. MSC RECOMMENDATION FOR EDS MONITOR : Hot available.  

flow rate .  
pre-vdve openlclosed. 
main shutoff valve open/closed. 

io. MEASURING PARAMETERI 

11. SENSOR LOCATION: (1) m002-41~l (3)  VKOOl8-401 
(2)  Kolll-404 K0019-401 

K O l l 2 - 4 0 4  (4) nmaOlb-403 

12. €OS TIME OELAY: llot srcrilsblt .  

13,NORMAL PARAMETER OPERATING LEVEL: (2) 5.01 1 MR flow m t e  .I 78.5 lb/sec. 
4.43; 1 B4R%$ flov rate = 76.1 lb/ace. 

(4) As ihoua i n  r i g w  6. 

14. MAXIMUY OEVtATlON EXPECTED DURING NORMAL FLIGHT: Not available.  

t5. EOS MONITOR SETTI  NO: 

ILFA1LURE EFFECT ANALYSB:  Loss of thrust  due t o  the1 starvation. 

Hot wn i l ab le  . 

4Z R I G H T  HISTORY: P i w t  b u n  mR i. 5.0: 1 
Second bum l e t  5.5 seconde and l a s t  147.4 second8 E;MR 
Second bum middle 163.2 seconds EmR - 4.5: 1. 

5.0: 1. 

IS. INFORMATION DEFICIENCY8 Information not available for items 8, 9, 12, 14, & 15. 



3. SYSTEM: 23.02 IL)X Feed and ChilUown: 24 Pneumatic Contml; 26 Thrust; 41 Filectricrl  m e r ;  42 E l t C t r h @ l  
m; 43 Electr ical  Distribution. 

4 PERIOD WRING WHICH FAILURE MODE MAY OCCUR: Prior t o  and during 52 engine bum. 

4. FAILURE MODE CONSEQUENCE: LOSS of thrust  due to failure of 52 engine to Or PmWtUW EutOffw I 
6. TIME DEPENDENCY OF FAILURE: HFRT D 1 second (LOX ehutoff valve). 

Z OVERALL FAILUAE MODE CRITICALITY: 930 

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.  

S. MSC RECOMMENDATION FOR €08 MONITOR: UOt available.  

IQMEASURING PARAMETER: 

LDX main shutoif valve open/clomd. 
Pneumatic He quantlty. 

11. SENSOA LOCATION: 1 Fooo1-401 ( 3 )  VKOl20-401 
121 KOlW-403 KOl21-401 

KO110-bO3 (4) vnroOr4-b3 

(4)  A i  shwn In figure 6. 

: Hot available. 

t16.FAILURE EFFECT ANALYSIS: Loas of th rus t  due t o  engine LOX @tamtion. 

FI. RIGHT HISTORY: Firm bum, GMR 5 5.0:l. 

m r  CQ r h f ,  caglne at@P% and rlorsi sLu% one h d t  aeeoutl a f ter  ahutcW. 
alases ene half second after second engine ahutofi. 

X t  opsno 60 eooonds later and 
valve opens 60 seconds l a t e r  end ~emsins open. 

19.INFORMATlON DEFICIENCY: Inlormation not sval lablr  for i t m a  6, 9, 12, Ut, 4 15. 



1.1 1 DATA 
. OVERALL FAILURE MODE: Hi& IJ$ Terpenture:  Lorr of by)&*# regulator, losr  of e l e c t r i c a l  power or C0-d to 

open bypass regulator,  l o re  of o loc t r i ca l  povor o r  r l g ~ l .  

! S B  Saturn V/S-IVB-501 

I. 22.01 % Turk Ullage Presmre; 42 Electr ical  Control; 43 Electr ical  Dlstribution. 

4 PERIOD WRING WHICH FAILURE MODE MAY OCCUR: lbring J2 englae burn. 

5. FAILURE MODE CONSEOUENCE: Lor. o f  thnmt due t o  f a i lu re  of 52 engine to  a t a r t  or grezruture cutoff.  

6. TIME DEPENDENCY OF FAILURE: MFRr I. 330 reconde (bypasr regul.tor). 

Z OVERALL FAILURE MOO€ CRITICALITY: 340 

B. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.  

9. MSC RECOMMEWDATION FOR EDS YONlTOR: !4Ot available. 

tank temperature. 
tank ullage temperature. 

la MEASURING PARAMETER: 

II .  SENSOR LOCATION: ( 1 )  CO051-408 t h m  coo53-408 
C&-408 t h n  coo68-408 

( 2 )  COO34-408 t h m  COO39-408 

l2. EDS TIME DELAY 2 not a-iL.ble. 

13. NORMAL PARAMETER OPERATINQ LEVEL I,l$ temp. rn -SP3°1. at 1 etm. 

14. MAXIMUM DEVIATION EXPECTED DURINO NORMAL FLIQHT: -425' to -413OF 

IS. EDS MOUITOR SETTING Not available.  

lB.FAlLURE EFFECT ANALYSIS: St ra t i f i ca t ion  of the  Li$ i n to  layers would occur which would cavi ta te  the % 
turbopump. 

18.DISCUSSION: Bypars regulator 22.01-17.03 meintains LH2 tank preseurc a t  20 to  20.5 psia  during phase E 

Hbivc 2 8 , O L l ? . O k  bleeds @~aeous hydre@en rhrough the continuous vent system st  approximately 

i 

{wart p b s a  b&en IJH&II ramre bum) by B & w & Q ~ H ~  exeaba gereeus hgdmgen csvrrbewtt tkmugk t,h@ ee~t ieuai is  

vent system. 

t he  r a t e  of boiloff thereby allowing 22.01-17.03 to  remain Closed most of the time. 

IS. INFORMATION DEFICIENCY: Infoorartion not available for i t ems 8, 9, 12,L 15. 



.. 

1. Wf?% FAILURE MODE: Propellant Sloahing: b e  to l o s s  ot' continuour venting systu,  lo re  or e l e c t r i c e l  m e r  
or command. 

2. STAGE: Saturn v/s-rva-s01 

3. 22.01 LH2 Tank Ullage Pressure; 41 Electr ical  Power; 42 E lcc t r i c r l  Control; b3 Elcctr lcel  Dlrtribution. I 
4 PERIOD WRING WHICH FAILURE MODE MAY OCCUR: b r i n g  Z engine burn. I 
5 FAILURE MODE CONSEQUENCE: IOBO o f  t hN8t  due to f a i l u r e  t o  s t a t  O r  p?OMture eagine Cutoff. I 
6. TIME DEPENDENCY OF FAILURE: WFKT = 330 seconds (continuous vent shutoff Valve). I 
?. OVERALL FAILURE MODE CRITICALITY: 

8. MSFC RECOMMENDATION FOR EDS MONITOR: 

460 

Not a n i l a b l e .  

9. MSC RECOMMENDATION FOR EDS MONITOR : Not emifable .  

IO. MEASURING PARAMETER: I )  Continuous venting pressure ( tank pressure),  
12 1 Continuous vent shutoff nlve%en/closed. 

I I .  SENSOR LOCATION: (1) W181-409 ( 2 )  KOl54-410 
Do182 - 409 K0155-420 

19. INFORMATION DEFICWJCY: Infonnation not available I'or items 8,  9 ,  12, & 15. 



8.13 IS DATA 
g R A U .  FAILURE e: U$ Depletion: 
or pnorrutic mar, 0p.n u i n  IA M v o ,  or open 8.8 goneretor vulro. 

me t o  open or leakin# + fill M d  drain n l v c ,  lefikiag I 4  duct#, l o r8  

2 

- w: Saturn V/S-IVB-SOl 

1. SYSTEM: 21.Ol F i l l  ead -in; 23.01 LE$ Feed and Chilldoun; 26 P a e m t i c  Control; 26 Thrurt. 

I PERIOD WRING WHICH FAILURE MODE WY OCCUR: & t o  Jz w i n e  aeoond rmtoff. 

i FAILURE MODE CONSEQUENCE: Lo83 of thruat due to  premature 52 engine cutoff.  

i TIME DEPENDENCY OF FAILURE: Not awi l ab le .  

C OVERALL FAILURE MOO€ CRITLCALITY: 33 

i. MSFC RECOMMENDATION FOR EDS MONITOR: llot available.  

&. MSC RECOMMENDATION FOR EDS MONITOR: Bot available.  

a MEASURING PARAMETER: % quwt i ty .  

I. SENSOR LOCATION: J&K)l-J+@ 
Loocn-408 

2. ED9 TIME DELAY! Hot av8ilabla. 

1. NORMAL PARAMETER OPERATING LEVEL ; A# 8hovn in' figurn 24. 

4. MAXIMUM DEVIATION EXPECTED DURINQ NORMAL FLIGHT: l.3$ B86 ( 3  r value) 

IREDS MONITOR SETTINO: Hot a n i l a b l e .  

16.FAILURE EFFECT ANALYSIS: &glue operation vould te lPIar te  before pmgrslrmcd cutoff due to fuel etamation.  

IX RlQHT HISTORY: Aa ohma In figure 26. 

IO.DISCUS810N: Depletioa cutoff ocrmra with UL % M a n  o f  490 lb .  - 

IRIWORMATION 0EFICIE:NCYI Iafommtion not ami lab le  for item6 8, 9, 12, L 15. 
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1.14 FAILURE EFFECT ANALYSIS DATA 
. OVERAU FAILURE MOOE: LOX Depletion: h e  t o  open or lenking LOX f i l l  and drain valve. leaking I D X  ducting, 

l o s s  of p n r u u t i c  control,  open Mia LOX mlw, or p p o l l a n t  u t i l i za t ion  (FV) v a l w  d r i v m  t o  hnrd closed 
posi t  ion. 

?. %: a t u r n  V!S-IVB-501 

5. m s :  2 1 . a  LOX F l l l  Md Drain; 2 3 . a  LOX Feed and Chilldown; 24 Pneumatic Control; 26 Thzust; 11 Electr ical  
Power; 42 Electr ical  Control; 43 Electr ical  Distribution; 46 Propellant Util ization. 

4 PERIOD CURING WHICH FAILURE MODE M Y  OCCUR: Until  52 engine necond cutoff.  

5. FAILURE MODE CONSEQUENCE: Loss of thrust  due to premature cutoff.  

6. TIME DEPENDENCY OF F A I L U R E  Not Cvailable. 

7. O E L L  FAILURE MODE CRITICALITY: 830 

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.  . 

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available.  

IQ MEASURING PARAMETER: LOX quantity. 

11. SENSOR LOCATION: Looo4-406 L0008-4do LOO11-406 

Looo6-406 L0010-400 LOO1)-406 
LoO05-406 Loo0)-406 Loo12-406 

12. EDS TIME DELAY: Hot available.  

13. NORMAL PARAMETER OPERATING LEVEL : As shown in figure 25. 

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: 1.35 RSS ( 3  mlue).  

I k E D S  MONITOR SETTING: llot available.  

16. FAILURE EFFECT ANALYSIS: Engine operation would terminate brfore progrannned cutot 1 dur to  oxidizer s t a m t i o i  

18+DISGUSSIQN: FaiLur@ i n  the PU eleOtWniGs WhiQh Would #iVH a S p U d O U s  Ourput t Q  drive the PU MIW t O  hWd 
alois (MS 5.6aik) would deplete the I D X  end would lower the Lots1 Impulse. 
L LOX nuts6 of 1880 lb.  

Ikplction cutotf  occurs with 

19.INFORMAlTMN DEFICIENCY: Information not available for  items 8, 9, 12, k 15. 
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4 PERIOD WRING WHICH FAILURE MODE MY OCCUR: a i r i n g  ~2 engine second bum. 

@ 5 FAILURE MODE CONSEQUENCE: Loss a f  th rus t  due t o  premature cuto:f. 

6 TIME DEPENDENCY OF FAILURE: MFRT = 2 seconds (LOX chllldovn shutoff valve). 

j 7 OVERALL FAILURE MODE CRITICALITY: 740 

8. MSFG RECOMMENDATION FOR EDS MONITOR: Not available. 

9. MSC RECOMMENDATION FOR EDS MONITOR' Not auailable.  

IO. MEASURlNG PARAMETER: (I) Chilldown shutoff valve open/closed. 
( 2 )  Cold He pressure. 
( 3 )  @in@ control He supply. 
(4) Pneumatic He supply. 

II. SENSOR LOCATION: (1) KO138-424 (2) mwcl6-ej 
KO139-424 (3) VXWO19-401 

(4 )  vxMxl4-403 

12. EDS TIME DELAY: Not available.  

engine par t ia l ly  i n  the  vapor phase. 

I**D'SCUSS'oN: Oxygen vapor may flow I n t o  the LOX feed l i n e  only when Lhe liquid l eve l  i s  not aufficlent i n  the  
chilldown feed l i n e  a8 during the las t  few eeconds of 52 engine second burn o r  if Ullage throat is insuf f ic ien t  

48 



5. FAILURE MODE CONSEQUENCE: Lass ol' t,hrusL due to prenaturc cuto::. 

- -. -. - . - 
6 TIME DEPENDENCY OF FAILURE: MFW E 1 s t c o n d  (proprl lent  shutolf ve lvra) .  

7 OVERALL FAILURE MODE CRITICALITY 2hnn 

8. MSFC RECOMMENDATION FOR ED5 MONITOR: Not available. 

9. MSC RECOMMENDATlbN FOR EDS MONITOR: Not, available. 

17. FLIGHT HISTORY: ( b )  As snvvn i n  i iq l res  2- and 27. 

I 
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I .  S Y S n :  31 Hydraulic: 4 1  E lec t r ica l  Power: 482 E l w t r i c a l  &ntrol .  

1 PERIOD WRING WHICH FAILURE MCDE-pX OCCUR: Up t o  3;! enginr second burnout. 

5. FAILURE MODE CONSEQUENCE: Loas.of flight, conrrol dur r,o lovr o f  steering ab i l i t y .  

6. T I M E  DEPENDENCY OF FAILURE: MFRT P 2 seconds (hydraulic SyEtFm). 

Z OVERALL FAILURE MODE CRITICALITY: 2400 

5. MSFC RECOMMENDATION FOR EDS MONITOR: Not avallabli'. 

9. MSC RECOMMENDATION FOR EDS MONITOR: Not availablcs. 

IO. MEASURING PARAMETER: (1) Hydraulic pressure. 
( 2 )  Hydraulic f lu id  quantity. 

h d  1 and Aft 2 load.  
3) Hydraulic f lu id  temperature. 
4 ) 

I I .  SENSOR LOCATION: 

12. EDS TIME DELAY: Not available.  

13.NORMAL PARAMETER OPERATING LEVEL;  (I) GN lircits shown i n  ':,-,ire 23. 
( 3 )  
(4) As shown i n  :i,urrs 7 an< 26. 

Mazn  h y d r a u l i c  p x p  i t z ; ? t  ;emp during 52 engine bum: 0' to 260'F. 

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL i.. :-i I .  .:.a r ? . ~ w n  :*. : X p r e  26. 
, , LE s;:own i n  ilyre 28. 
:-., &d DLS 1 End A f t  bus 2 :  30 t o  35.5 "Dc ( p r e s t a n ) .  

I5.EDS MONITOR SETTING: Not ava"1-'-' .. ni,._C. 

16.FAlLURE EFFECT ANALYSIS: Loss of s teer in& ab i l i t y  would occur b w a i o e  oi i nab i l i t y  to  posit . ion L ~ F  fx,:ine 
g l m b a l  actuators.  

~~~ 

IZ FLIGHT HISTORY: Not available.  

18.DISCUSSION: A w i i l a n  p u v  de l ivers  1.5 , a n .  a' 3550 i i  3 ~ 1 0  p s i g  a s  sole ami rce .  Auxiliary p w q  ?mvit+-s 

temperature control,  m1nta:ns 8ysten; rva5iness ~ i n d  s e r v c ~  a s  redundant so\irw. Main h y d r a i i l l c  ?izp i s  ~.'.vt.n 

by 52 engine and deliver8 7 .O @ ~ 3 m  a t  3j .K tc 3n',(l psi; .  

19.lNFORMATlON GEFICIENCY: I n f 0 ~ s 6 t i 0 f i  no'. a v a i l a 3 l ~  ' o r  items 8 ,  9, 12,  15, 1;. 

2 
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12. w: Saturn V'S-Iy9-501 

3 W s :  31 Hydraulic: L2 E l e c t r i c a l  Gmt ro i :  1.3 Elecr.rica1 Distr ibut ion.  
d 

5 PAILURE MODE CONSEQUENCE: Losa of f l i g h t  con t ro l  due to  loss of s t ee r ing  a b i l i t y .  

6 T I M E  DEPENDENCY OF FAILURE:  MFK: a 1 second (hydraul ic  a c t u a t o r s ) .  

7 OVERALL FAILURE MODE C R I T I C A L I T Y .  1300 

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not ava i l ab le .  I 
9. MSC RECOMMENDATION FOR EDS MONITOR:  Not ava i l ab le .  

IO. MEASURING PARAMETER: Actuator pOsi t ions.  

c0001-~03 
000ce-s03 

( I  SENSOR LOCATION: 

12. EDS T I M E  D E L A Y ;  Not available. 

I3 NORMAL PARAMETER OPERATING LEVEL:  A s  shown In  :igurc 30. I 
I 

14 MAXIMUM DEVIATICX EXPECTED DURING NORMAL F L I G H T  A s  shown i n  figure 30. 

P 

17 FL IGHT HISTORY A s  snowfi i n  ': ilrr 3C. 



-" 

lt2 

0 
501.5 5 10 520 11370 11380 12106 

I 

(S-l I /S-I V B (S-IVB/PAY LOAD 
S EP AR AT I ON) SEPARATION) 

FLIGHT TIME (SEC) 

t 2  

0 
501.5 5 10 520 11370 

FL,'.'T Tl:,!E ( S E C )  

11380 12106 

Figure 30. J 2 Engine ~ ~ ~ u ~ ~ ~ r  and Gimbal Angle History 
56 





58 





0 
501.5 510 528 530 670 6110 11370 11380 11680 HIIGSIQ 119 

(S-II/S-IVB 
SEP 

60 



I 



501.5 510 520 530 670 680 11330 11380 11688 $1690 %PI00 121& 

. . . .  

.. . 

62 



63 



Trrnting perturbations. 

Sa:  26 mpuat: 32.01 Burarilielry Pqule;Pon 1; 32.a Auxilioy Propulolon 2; 42 Electvtc@l Contm1. 

L PERIOD WRlMG WHICH FAILURE MODE OCCUR: Fmm 52 i tpit ion to  stage aqsshrtion from paylad.  

i FAILURE MODE CONSEQUEPCCE: h s r  of  f l ight  aontrol clue to  loss  of vehicle stt i tuae control cqmbility. 

i TIME DEPENDENCY OF FAILURE: iaqiJr E 1 sacone (APB). 

K OVERALL FAILURE MODE CRITGALIVY: 693Q 
- - 

- 

11. SENSOR LOCATlOPl: liionct. 
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S&tUm Y/S-SV3-501 

'' e 41.01 Electrical Power: b2 Electrdcal Control; '59 Ebctrice.1 86&,tr%buticmi rilb m e r  Sta t Control, 

13. NORMAL PARAUEPEW OPLABTIM(P LEVEL : Not rrvsilable. 



1. 

. .  

( 

C!ERAU FAILURE WiE: Premature Separation: Due t o  premature operation of severance EBW Pirlng uni ts .  . 

PER'oD ChlR'NG FA'LURE My OCCUR: Frm charging of the severance E B W  firing mien t o  programed 
firing of them. 

5. FAILURE UODE CONSEOUEWCE: h a s  of f l l g h t  control  due t o  improper t ra jectory.  

6. TIME OEPENDENCY OF FAILURE: WKf P 1 second (severance EBW units). 

7 OVERALL FAILURE MODE CRITICALITY: 2 

a MSFC RECOMMENDATION FOR ED9 MONITOR: Not available. 

9. MSC RECOMMENDATION FOR EDS MoNiroit: Not available. 

IO. MEASURING PARAMETER: (1) of attack. 
(2) EDW f i r i n g  uni t s  operation. 

II. SENSOR LOCATION. 
None- 

I2 ED5 TIME DELAY: Not avaalable, 

'3.N0RMAL oPEAATING LEVEL: (1) A& shown in figure 39. (2) Programed sevrr%ntne ocrwa st QbOUt 
501.3 sexmds a f t e r  liftoff. 

14. k4AXIWJM DEVlATlON EXPECTED OOAING MORMAL FLIGHT: Not svailablc. 

16.FAiLURE ' Severance pr ior  t o  3-IX burnout would ~ Z H Y ~  thr vehicle inrapable WitnstinJlrip 
any bending moments a t  the S-II/S-IVB separation place. 

17. FLIGHT HISTORY: 
(1) As show in f igu re  39.. 

l9.INFORMATlON DEFICIENCY: Zoformation fict euei!nhle r ' t e - s  1 4 .  .?. 11,. 8 . c .  





'. SYSTEM: 42 Electr ical  Control; 62 Lower Stage Reverse Thruot. 

wRbMG FAILURE &+ODE MAy OCCUR: From charging of the  r e t r o  rocket EBW firicg unlte  t o  
programed f i r i n g  of thcm. 

i FAILURE MODE COMSEQUENCE: Loss of f l i g h t  control due to improper t ra jectory.  

j, TIME DEPENDENCY OF FAILURE: WRT c 3 esconds (retro rocket EBW firing units) .  

1. OVERALL FAILURE MOO€ CRITICALITY: 14% 

3. MSFC RECOMMENDATION FOR EDS ONITOR: Not 

3. MSG RECOMMENDATION FOR ED8 MONITOR: Not .Ivail&le, 

1. SENSOR LOCATION: (1)  N W - 4 0 4  
NO010404 
N0045-404 
NO046 -404 

2. EDS TIME DELAY; Not available. 

13. PARAMETER OPERATING LEVEL ' ( I )  0 t? 12 inrhes and 0 t o  340 inchea. (2) h-7pr?mmaro tw'erse t.hr\rac, 
orrurs  q t  about 901.1 sb ronds a f t e r  l i f to l ' f .  

14 M A X { M U ~  OEVlATlOM EXPECTED O U R l l G  NORMAL FLIOHT: Nor hYl. 

firfag, when i n i t i a t e d ,  continues for  1.5 reoonde. 

. .  

1 .  





QLLfg. 21. Thnist: 41.01 Primary E l t c r r i c e l  Poi*cr; b 1 . E  Secondary Electricel  Poutr: 42 Elccrrlcal CcncmZ: 
. I C  c' ricsl Metriburlon; 46 Pmprllanc UtlLize t ion .  

I F K I G E -  MODE CONSEOUENCE' Improper LraJectory. 

> T I M E  DEPENDENCY OF FAILURE: Not avsi lablc .  

.- __--____ ---- 
I OVERALL FAILURE MODE CRITICALITY: s w o  

-~ -- _ _  
I MSFC RECOMMENDATION FOR ED5 HONITOF?* Not available. 

3 WSC RECOMMENDATION FOR E D S  MONITOR: Mot. availablt .  

2 EOS TIME OELAY. Not available. 

3 NORMAL PARAMETER OPERATING L E V E L  : ( 3 )  115 e 3.65 h? S L  400 k cpe 
5.0 I 0.5 'ax 
21.0 c f  vnc 

( 5 )  % c  !igurt 400 

---- 
4 MAXIMUM DEVIATION EXPECTED PUWIWQ NORMAL F L I G H T .  ( 3 )  9et atrnvt. 

I5.EDS FADRtlYOR GETYIWO: Hot amil&ble. 

-- 
I6.FAlLURE EFFECT ANALYSIS: The vceniclr would f a i l  1 .0  achlevt !.he pmp~ r orbit hecause. 01 dtcv asid ictrr). 

impulse. 



. 

d 

. . .  - 



Z OVERALL FAILURE PAODE CRIIICALITY: 13 

1. SENSOR LOCATIO# : (1) W 1 0 - 4 0 1  ( 3 )  NO009404 
( 2 )  VKOo21-404 M0010-404 

. .  



l e  breakup due .to rrtructural damage. 

la MEASURING PBRWUEVER: (1) A F 3  engine chamber preesure. 
(2)  Ullage rocket chamber pressure. 
(3 )  Retro roeket chamber preseure. 



1. OVERALL FAILURE MODE CRIYICBLITY: 850 

a USFC RECOYMEMDATION FOR EDS MONITOR: Bot available, 

I__ 

9. YSC RECOUMENDATION FOOR ED8 k4OwIlW?: Not available. 

lo. MEASUnlNG PARAMETER: (1) 
(2) Chamber presaure. 

IS2 fill and drain valve opn/closed. 

11. SENSOR LOCATION: (1) KDOl.9-403 
(2) Same a s  for OR4 28: Fire 

' Bat ~ l v e b h b l e ,  

* Explosion due t o  Sufiure of racket motore or keakage of explosive propolleints. 

I?. RIQWT HISTORY: 

_I-. 

18. D186093101: Detection o f  lmminmt sxplaslon mlr'ht hs acconnlfahcd by aemors t c  monitor enrincre fop cambuution 
ins t e  bill by, 

. *  



EASURIWG PARAMEVER: Rlone. 

I-- 

available. 
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ALY 3. I 

PI 01-01 FWD BATTERY NO. 1 I NO POWER CD/D EF/F 

CD/D CDEF/F 

CD/D CDEF/F 

cm E/F 

C/D 

C/O 

62-42 25 12 1 SEQUENCER NO OUTPUT C/D 

10 

C D n  CDEF/F 

C/O E A  

. ,: . .  

. .  

Y 

. I  

0 





I 
OUTPUTWHEN 42-01 SWITCH SELECTOR 

NO OUTPUT 

NO OUTPUT 

42-oJ.PZ.10 1 SEQUENCER PREMATURE TRANSFER 

PREMATURE TRANSFER 

42-85.23.11 

h2-(w.23.12 

42-05.23.21 

42-05 23 21 

42-05.42 40 

2 E/F 

c/o cDE/F 

C/D C f W F  

C/D 'CDEIF 

C/D CDE/F 

c/o COE/F 

C M  CDER 

C/D CDE/F - 
C M  CDEA - 
C/D CDE/F 

C/O CDElF 

C/O E/F 

C/D E/F 

C/O CDE/F 

C/D CDE/F 

C/O COE/F 
i 

C/D CDE/F -; 122 i 

C M  E/F II 

CDE/F - 

I 

C/D CDE/F 

C/O ED e-- 

c/o E/F - 
C/D COVF - 

DE/F 

em e o w  
C/D CDE/F 

D E R  

C/D CDE/F 

C/D E/F 

, , ' ,  

. -  . ..'.. .I. 

" .  . .  
. I' . 

. - .  

,- . .  . 
, .  

, .  

, .  
.. ... . .... , .  

92 



3.2 

62-05.43.04 

83-05 

43-57 

93-08 

13-09 
IIv 



t .  

.' 

, 

i : .-  
1 .  

E/F 

C/O CDE/F 

C/o CDEA 

CHILL SHUTOFF VALVE F4ILURE TO OPEN E/F 

C/O CDE/F 

0 m-m . 1 CHILL SYS STRAINER CLOGGED 

E/F 

C/O CE/F 

CDE/F 

$ 24-02 03 1 PNEU CONT RELIEF VAL 

C/O CDE/F 

p 24-05 ai 1 PNEU CONT tte FILTER CLOGGED C/O COE/F 

10 
.I 

1 
w 

C/O CDE/F 

C/O COE/F 

C/O COE/F 

c/o CDE/F 

E/F 

CDE/F 

COE/F 

c/o GDE/F 

C/B C O W  

C/O CDE/F 

E/F 

C/O CDE/F 

._  94 I S  



. 24-13 02 

,<*,,rx 

24-14.01 

24-14 02 

24-15.01 

24- 15.02 

C/O CDE/F 

C/O CDE/F 

h/F 

CM CE/f 

C/O CDE/F 

c/o corn 
C/O CDE/F 

C/O COE/F 

C/D CDE/F 

C/il CDUF 

c/o CDE/F 

4 

C/O CDE/F 



C/O CDE/F 

C/O COE/F 

C/O COE/F 

5 

\ 

96 



I 

97 



ALYSIS 

?I 01-02 

ZI 81-03 

-. -- 

_I- .... 

-- ..-- 

- 22 l%09 I Lttz TANK RELIEF VALVE FAILURE TO 
REMAIN CLOSED - --- 

22 01-09 1 L H ~  TANK RELIEF VALVE - ,---I INTERNAL LEAKAGE P. 

C/D CDEF/F 

C/D CDEF/F 

C/D CDE/F 

C,'D C/F 

D/D F/F 

D/D 

CD/D 

F/F 

C E F F  

CQ/D CDEF/F 

Q/D 

CD/D DEF/F 

CD/D DEF/F 

CD/D CDEF/F 

CD/D DEF/F 

CD/D CDEF/F 

22 obi? 03 1 BYPASS REGULATOR LEAKAGE 

22 01-17 03 I BYPASS REGULATOR 

INTERNAL LEAKAGE 

I 

C/D CDE/F 

C/O CDE/F 

22 01-20 

23 81-06 

2 4 - 1 1 1  

24-14.01 
--- 

26-01 

41.01-01 

CHtLL SYS CHECK VALVE I I-- FAILURE TOOPEM F/F .--!- 
I-. .- _"_ , 

LH2 fEE0  DUCT !--- 4 LEAKAGE !=- CD/D CDEF/F - - - C/D CDEF/F PNEU CDNT P U T  VALVE '-- /xc i i iK 
-. _ _ _  

PNEU CONT PILOT VALVE C/O CDEF/F cla) 

CD/Q 

FWOWTTERY HO 1 CD/D EF/F - 

& 

98 



12-03.42.10 

42-04.43.03 



INTERNAL I FAKAGF 

I 

22.01-17 03 BYPASS REGULATOR 

-- 
22.01-17.84 

22.01-11.04 

22 01-17 W 

4t.01-01 
- 

42-01 

22 01-17 03 

FAILURE TO CLOSE 

42-01 

42-01 

42-02.??. t2 

42-02.22.15 

CDEF/F 

CDE/F 

E/F 

CDE/F 

CDE/F 

CDWF 

CDEA 

CDE/F 

CDE/F 

CDE/F 

GDUF 

E/F 

CDE/F 

CPE/F 

EA: 

CDE/F 

CDE/F 

EF/F 

CDEF/F 

CDEF/F 

E/F 

CDE/E 

COE/F 

E/F 

CDEF/F 

CDE!F 

E;F 

ZF/F 

CEF. F 

EF/F 

EF!F 

CDEF/F 

CDEF/F 

. . . . . ... . 



. .  

101 



22.02-08.03 
_- 

COLD He SHUTOFF VALVE FAILURE TO CLOSE CWF 
I I -{ FAILURETO se_ 

REWIN CLOSED 12 02-08 03 /COLD He SHUTOF 
--- 

22.02-08 03 

22.02-08.04 

22.02-0n 011 

22 01-08 M 

22.0249.05 

22.02-08.06 

22.02-09 

1 
CE/F 

1 1  

c/o CE/F IJ 
2 D/D DF/F _ap COLD He CONTROL VALVE FAILURE TO OFEN 
1 

C/O CDEF/F - 
I 

CD/D DF/F 

I 
COLD He SURGE TANK EXTERRALLEAKAGE CD/D CDEF/F __I 

CD/D CDEF/F 

CD/D DEF/F 

IRTERIAL LEAKAGE CD/D CDEF/F VENT & REUEF VALVE 

INTERNAL L E M A (  f CO'O COEF/F 

6D;D CDEF/F 

CD/O CDEF/F 

CD/O DEF/F 

C O/D 

F I D  BATTERY NO 1 CD/D EFIF 

IO2 





22.02-17.03 ]COLD He CONTROL VALVE F==-d IN1 ERMAL LEAKAGE }lZ& 

P 

He CONTROL 
RELIEF VALVE 22.02-17.04 I 

22.02-17.05 COLD He CONTNOL VALVE -- LIW 

424 I 

12-01 

42-01 

82-02.22.1 

42-03.42.01 

4243.42.10 

02-09.22.01 

424.42.02 

41-06.42.30 

42-04.43.03 

4345 

4WI 

I l f C H  SELECTOR 



. . .  

io 
3CC 

-i-- 
24-05.09 

24-06 ' PNEU CONT SURGE TWH 

PNEU COMT PILOT VWI VE 

, I  

. . .  





PURGE LIME 





1 

3.1 1, 

22.01-io8 

42-k.22.16.02 

42-04.42.02 

42-04.42.30 

82-04.43.03 

13-05 

43-01 

43-08 

SEQUENCER 

a M 



42-01 SWITCH SELECTOR 
.._1.- 

_ .  

, . .  . 





i NO OUTPUT 
AI. t CMANW 42-01 I SWITCH SELECTOR 



. 

23.02-02 

23.02-02 

23.0240 

24-01 

24-0Z.M 

24-02.03 
P 

PHEU COHT RELIEF UALV 

C/O COEF/F 

C/O COEF/F 

C/O CDEF/F 

PREU CONT SURGE VWWK C/D COEf/F 

28-ll.OI 

21-wJ2 

24-12.01 

24-12.02 

24-13.01 

PNEU COW1 PILOT VALYE .. 

PNEU CO#T PILOT VWLVE FAILURE TO OPEM 



, , . . . .  

. .  

114 



A U U U I W l  - 
SINGLE CHAWML 92-01 f SWITCH SELECTOR 

IEU OUTPUT - 42-01 ] SWITCH SELECTOR 



&".-<- 

1 16 

P r  

. - ... . ./.. 

. ,  

.. . 



i 

I 

.. . . .  

. -  

. .  
I 

i 

. .  

3147.02 

3im.w 





* I  

8 

. .  
. . I .  



COE/E CDEFWG 

EXPULSIW BLADD 

XPULSIW BLADD 
. ._.- - -. 

32.02-12.01 

32.02-12.02 (APS 2 EXPULSIQ BLADD 

I APS 2 PRESSURE TANK - .  

CDE/E CDEFG/G- 

D U E  FWG - 

--._.-- 

, .  
. .  







42-03.12.10 

42-04 12.02 

FWP PWR DI 

28V AFT pY( 

- 
- 

42.0(.42.30 I 2IV AFT PWR OlSl RAHSFER TO EXTERHA 

48-06 

. .  



. .. 

1: .. , .  

I .  

:. ... 



i 



D/D F/F 

CDm EF/F 

O/O F/f 

D/D F/F 

€/E G/G 

CD/D EF/F 

C/D E/F 

CD/D EF/F 

CD/D EF/F 

cwn EF/F 

CO/D EF/F 

CWO EF/f 

CD/O Ef/F 

CD/D EF/F 

310 

SHUTDOIN SEQUENCING 

! 



. 

c COMPONENT FAILURE 26-01 12 ENGINE 
I ----I 

*BID f/s 

EF/F 

CMFff 

CDEFIF 

CDEF/F 

COEFR 

C W / F  

LiF 

E/F 

COEF/F 

CDEFR 

CDEF/F 

EF/F 

COIF 

CDEF/F 

CDEF/F 

CDEF/F 

CDEF/F 

CDEF/F 

CDEF/F 

CDEF/F 

CDEF/F 

CDEF/F 



*' . 

, 

128 

. .  



. x .  

. . . .  

. . .  

I .  

t . , . ,  

. . . . . . . . . . .  ;-.. 
, '  
,. j "  

3.27 
MOS SlNGLE THREAD CAUSE/EFfECT ANALYSIS 

8-01 

25-22.02 

23-23.W 

31.01-11 

32.01-22.W 

32.01-23.03 

32.01-2441 

32.01-26.01 

. .  ...-.- - 
' I  

1 WOE/€ F/F #e - 
O M  FWO md 

n €/€#e CI 

t APS 1 SHUTOFF VALVE Bc/c 'Sl 

CK: , - 
. . . . . . . . . . . . .  

. -  

, ' I ,  ' . . . . . . .  ............ 
* .  

., I .  

% L5>.  . 
. . . . . .  I .. 

I .  , 

............ 



C/C 

c/c 

c/c 

c/c 

C/C 

C/C CO/D 

C/C C D m  

DID F/F 

om EIE F/F GIG 
---- 

O W E  FG/G 

O V E  FG/G 

E/€ F/F 

O W E  FG/G 

OVE FG/O 

DA €/E F/F G/G 

€/E F/F 

DA 

DA 

om 
On, 

... , . .  

. , , a , ,  ...,.., , 

- - .  
I .  

. . .  

, , I 
. . ,  . 

. .  .. . 
' .  . 

.: ... . .  



I' , 



CWD EF/F 

CD/D EF/F 

cwo EF/F 

I 




